The behaviour of sub-micron exchange bias square elements has been investigated for systems containing metallic polycrystalline layers. Numerical simulations using a simple theoretical model show that the exchange bias for such elements can increase and/or decrease depending on the microstructure of the antiferromagnetic layer and, in particular, its grain size distribution. The predictions are based on a granular model of exchange bias that accounts for grain cutting at the edges of the nanoelements that takes place during ion milling/etching. This leads to distributions of exchange bias fields that can be quite broad, especially in sub 250nm elements.
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Exchange bias refers to the shift of the hysteresis loop along the magnetic field axis of systems consisting of a ferromagnetic (F) layer grown in direct contact with an antiferromagnetic (AF) layer. 1 From a technological point of view, it has attracted great attention since the introduction in 1991 of a magnetoresistive read head based on anisotropic magnetoresistance (AMR). The implementation of the magnetic tunnel junction (MTJ) sensor in the mid 90s led to the development of magnetic random access memories (MRAM). Although exchange bias has been used in commercial applications for almost two decades, a full understanding of this phenomenon is still missing. The situation becomes more complicated in the nanoscale, where exchange bias in sub-micron elements has been reported to decrease, 2 and/or increase, 3 One of the parameters that limits the development of technologies such as MRAM is the fact that the magnetic elements do not all switch at the same field giving rise to a switching field distribution (SFD). 5 The origin of the SFD lies in the fact that lithographic elements can never be produced to have exactly the same size and shape. This situation is further complicated by microstructural variations such as the grain size and orientation within the elements, the anisotropy of the material and, more pertinently, dipole-dipole interactions between the nanoelements which lead to cross-talk. 6 In this letter, we present a simple numerical model that can account for the 
where V AF is the volume of the grain, K AF is the anisotropy of the AF grain, H * is the exchange field from the F layer, which lowers the energy barrier to reversal, and * K H is a pseudo-anisotropy field similar to the anisotropy field in single domain ferromagnets. Assuming a uniform value for K AF at the temperature of measurement we can write:
where H ex (T) is the magnitude of the loop shift at the temperature of measurement and ( )
where t meas is the time of measurement, k B is Boltzmann's constant, T meas is the temperature of measurement, K meas is the value of the anisotropy at T meas , t set is the setting/annealing time, T set is the setting temperature and K set is the value of the anisotropy at the setting temperature. A temperature dependence of the form (1-T/T N )
is assumed for K AF , where T N is the Neél temperature of the AF. chosen so the theoretical predictions could be compared to experimental results available in the literature. 3 The other parameters were kept the same as for the FeMn simulations. Figure 4 shows the probability distributions of exchange bias fields as a function of AF thickness. It is clear from this figure that for thick AF layers (t AF ≥10nm), t AF does not have a significant impact on the width of the distribution.
However, for thinner samples, an enhancement in the standard deviation of the distribution is observed. In conclusion, we have shown that features observed in sub-micron metallic polycrystalline exchange bias elements can be explained in terms of a simple granular model that takes into account grain cutting at the edges of the nanoelements. This leads to a wide distribution of exchange bias fields for elements below 250nm.
Control of the AF microstructure can lead to better, i.e. narrower, switching
properties. The exchange field can both increase and decrease depending on material parameters, specifically the grain size distribution and anisotropy of the AF material. 
